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AN ELECTRON MICROSCOPE STUDY OF THE ECCRJNE SWEAT GLAND*
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Although the sweat glands were discovered by
Purkinje as early as 1833, it was not until 1922
that Schiefferdecker (8) gave the name cccrine
to the gland which is the subject of this paper.
There appears to be no electron microscopic
study of the eccrinc gland in the literature, but in
a study of normal skin Laden et al. (4) illustrate
sections of the secretory part of the gland with
myocpithelial cells. Unfortunately, as in all the
earlier work, technical difficulties prevented them
achieving the resolution nowadays considered
necessary.
MATERIAL AND METHODS
Two lots of human scalp material are used to
illustrate this study. They were removed under
general anesthesia from males aged 57 and 48
years undergoing neurosurgical operations. The
fixation and embedding procedures have been
described in another publication (1), and accord
with standard practices.
Sections were examined on carbon- or formvar-
filmed grids in a Metropolitan Viekers EM3
electron microscope.
RESULTS
Figs. 1, 2, and 3 are sections of the secretory
part of the duct. The large number of mito-
chondria are readily seen (Fig. 1), as are also the
large lipid granules. These granules are most
often associated with a satellite, or cap, of a
material with a different electron microscopic
appearance, distinctly demarcated from the large
granules despite their intimate relationship. In-
variably the secretory granules are in very close
association with the mitochondria. In Fig. 2 the
center two of the lower four lipid granules on the
right appear to have fused.
The adpresscd wall-membranes of adjacent
cells arc observable at the boundaries as a double
membrane. Generally their course is very con-
voluted, and adjacent cells may interdigitate in
an orderly manner (Fig. 3) or with varying de-
grees of disorder which can result in the formation
of intercellular canals. From the examination of
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numerous sections it would appear that these
interdigitations are in the form of cytoplasmic
papillac, not flaps. Although the wall-membranes
arc predominantly without special attachment to
each other, they periodically fuse at points where
prickles are recognizable (Figs. 1, 2); this is es-
pecially noticeable on the terminating length of
wall-membranes running into the lumen.
The Golgi apparatus is distinguishable in its
characteristic form (Fig. 3), or in an ill-defined or
disperse form (Fig. 1), its appearance probably
being dependent on the level at which it is
sectioned.
Occasionally cytoplasmic spaces occur which,
in conformity with older terminology, are called
intracellular canals (Figs. 1, 3).
The presence of 'dark' and 'clear' cells (6, p. 96)
is readily confirmed by electron microscopy,
though not especially well shown in the illustra-
tions. The best example of a dark cell is in Fig. 2,
but no especially clear cells are shown; when a
dark cell occurs next to a clear cell the difference
is very striking. Although numerous mitochondria
occur in both types, the dark cells observed were
free of secretory products and contained an
abundance of dark cytoplasmic granules of the
type associated with, for example, the cndo-
plasmic reticulum (see 7).
Fine papillae project into the lumen from the
bordering cells, and are shown there in transverse
and longitudinal section. In the lumen there can
be seen debris presumably derived from the sub-
stances secreted into it. This consists chiefly of
finely particulate material which forms the back-
ground for larger, denser droplets of a substance
occurring in small amount.
The myocpithelial cells arc clearly shown
(Fig. 2), and they border the gland, being sepa-
rated from the dermis by the junctional or base-
ment membrane to which is adprcsscd a sharply
defined region of collagen fibrils, the reticulum
(Fig. 2).
Figs. 7, 5, 4, 6 and 8 illustrate some of the
appearances of the duct as it ascends the dermis
to the epidermis. The orifice in the horny layers
seemed of little interest and is not illustrated.
Fig. 7 shows the central part of the ductal
region of the gland. The lumen is lined by a
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Abbreviations used
be, broken-down cell; e, cap, or satellite granule; co, collagen, or reticular, fibrils; cut, cuticle; cw,
cell wall-membrane; d, dermis; epi, epidermis; g, Golgi structure; ic, intracellular canal; icc, inter-
cellular canal; j, junction of gland and dermis; kh, keratohyalin; I, lipid secretory granule; lum, lumen;
m, mitoehondrium; my, myoepithelial cell; p, prickle; pa, papilla.
Fin. 1. Transverse section of the secretory portion of the ecerine gland. The lipid secretory granules
with their cap or satellite are seen. Numerous mitochondria are present in the cells, which are demar-
cated by the convoluting cell wall-membranes with papillae and intercellular canals. A poorly developed
Golgi apparatus, and a more dispersed system of vesicles (dg) which is probably a tangentially sectioned
Golgi apparatus is shown. The large lumen has papillae, sometimes transversely sectioned (tpa), pro-jecting into it from the surrounding cells, and contains a finely particulate background material together
with a small amount of a coarser substance (ds). X 9,000.
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FIG. 2. Secretory part of the gland showing myoepithelial cells. The secretory cell at lower left has a
large number of electron-dense particles in its cytoplasm, and so appears as a 'dark' cell (dc). X 7,500.
Fjo. 3. Also from the secretory part of the gland,
showing how the orderly arrangement of the
papillae gives rise to a convoluting double wall-
membrane. Two well-developed Golgi structures,
and intracellular canals are also present. X
23,500.
Fin. 4. Central part of the cuticle of the ductal
part of the gland. The adpresscd papillae can be
seen which, when transversely sectioned (tpa),
appear as canaliculi. X 30,000.
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FIG. 5. Transverse section of the duet passing through the dermis. The dark central cuticle is shown
with its darker papillate centre or pore (po). The zig-zagged nature of the cell wall-membranes is seen,
and under higher magnification the associated prickles are observable. The two cells (cx) are noted
because they appear somewhat different from the others, and may sometimes have a clearer cytoplasm
(see Fig. 7). The gland is quite distinct from the dermis, in which a fibroblast (fb) and fibrous tissue can
be seen. X 4,000.
FIG. 6. Transverse section of duct passing through the lower epidermis. This duct is sharply differen-
tiated from the epidermal cells at (ed) and its cells are of lighter appearance; they contain keratohyalin,
which is absent from the epidermal cells. Changes are obviously taking place in the cuticle, which appears
to be keratinizing. Numerous 'unknown bodies' (ub) are present. )< 4,000.
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Fin. 7. Transverse section of duct just above the secretory part of tbe gland. The lumen is large, with
some contents, and bordered by a dark, fibrous-looking cuticle. The significance, if any, of the cell (cx)
with tbe clearer cytoplasm, is not known. X 8,000.
Fin. 8. Duct at a higher level of the epidermis than shown in Fig. 6. The cuticular changes have further
progressed, and an adjacent cell appears to have degenerated to leave an unspecialized channel (be).
The edge of the duct is detectable (ed) and the unusual cell (cx) is again present. X 4,000.
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cuticle faced with short, blunt papillae. The dark
appearance of the cuticle is due to the large
amount of fibrillar material located in it. The cell
with the clear cytoplasm which abutts the cuticle
(see also Figs. Sand 8) is of unknown significance;
the other surrounding cells have numerous mito-
chondria, generally smaller than those of the
secretory cells.
In Fig. 5 the duct, clearly distinguishable from
the surrounding dermis, is shown at a higher
level than in the previous figures. The lumen has
now closed, and a central cuticle is easily recog-
nizable; several cells have contributed to the
formation of this cuticle, as shown by the very
convoluted cell wall-membrane with priekles. Al-
though there is no open central pore, a darker
central part of the cuticle is observable, which,
taken from another section, is enlarged in Fig. 4.
Papillae are readily distinguishable, and, when
transversely sectioned, appear as eanaliculi in the
cuticle.
Within the higher layers of the epidermis (Fig.
6, 8) large granules of a substance almost certainly
keratohyalin, and 'unknown bodies' (see 1) ap-
pear in the ductal cells. The cuticle apparently
becomes progressively keratinized; this is best
shown in Fig. 8, where granules, presumably of
keratohyalin, are seen in the cuticle. There is a
tendency at this stage for cells adjacent to the
cuticle to break down. This may be necessary to
form an unspecialized opening for the passage of
sweat through the duet, because the keratiniza-
tion of the eutieular papillae has presumably
tended to impede the passage of sweat between
them. Within the epidermis the limits of the duet
can fairly easily be defined, the duetal cells being
lighter compared with the adjacent epidermal
cells. Keratohyalin granules are observable in the
duet at levels well below the granular layers of
the surrounding epidermis, to which normally it
is confined. Mitochondria, though few in number,
are still distinguishable in the cells of Fig. 8,
which is the highest level of the duct shown.
DIscussioN
Although 'dark' and 'clear' cells have been
observed in this study of the eeerine gland, there
is no evidence of any fundamental difference
between them. The presence of the large number
of basophilie granules in the cytoplasm, which
are removable by treatment with ribonuelease
(6, citing 2) is all that is apparent, and may
easily, as Montagna says, represent only a differ-
enee in secretory phase. The presence of both
kinds of cells side-by-side lining the lumen does
not support the suggestion of Japanese workers
that the clear cells are basal, and the dark super-
ficial. There is also no evidence for any kind of
break down of the luminal wall-membrane of
the secretory cells, such as is easily observed in
the apoerine gland (personal observation, in the
press). The papillae illustrated in this paper are
probably too fine to be the "minute protuber-
ances" (3, p. 52) from which apoerine secretion
is said to take place. These papillae are generally
found in electron microscope studies of secretory
and similar cells, e.g., the submaxillary gland,
or the duodenal absorption cells, and presumably
serve to increase the surface area of the cell. It
is understandable therefore that they should also
be formed intercellularly, when they may inter-
digitate in an orderly manner (Fig. 3) or show
varying degrees of disorder culminating in their
appearance as papillae and intercellular canals
(Fig. 2). Although the wall-membranes of the
secretory cells are largely not attached to each
other, such attachment does occur periodically,
e.g., on the wall-membrane near the lumen, when
the usual epidermal prickle system (1) binds the
cells and preserves the integrity of the gland.
In the non-secretory duet the lumen is lined
by a cuticle of fibrous texture, faced with short
blunt papillae similar to those seen in the duct
of the apoerine gland. The presence of many
mitoehondria supports the views held by the
Japanese workers (3, p. 309) and Lobitz and
Mason (5), and applicable also to the non-
secretory duet of the apoerine, that these cells
may regulate the composition or concentration
of the eeerine secretion. Further up the duet the
cuticle completely blocks the lumen, and the
secretion, if it passes out at all, does so only after
the most intimate contact with the adpressed
papillae (Figs. 4, 5). However, as can be seen in
Fig. 5, the cell wall-membranes in this region
follow a very zig-zagged convolution, which
suggests that the periluminal cells may be capable
of expanding away from the center, so giving
rise to a less iInpeded conducting channel.
In the electron microscope the lipid of the
secretory granules shows a rather different
texture from the lipid of, say, the sebaeeous
gland. It has a smoother, less dense appearance,
which may be in agreement with its being a
lipine or wax (6, p. 109). The more granular
satellite material, so intimately associated with
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the larger granule yet so clearly demarcated from
it, is probably of a different composition. Perhaps
this is the pigment 'lipofucsin' mentioned by
Montagna (6, p. 111) and described by the
Japanese school; otherwise I have seen no evi-
dence of pigment formation. Whatever their
composition may be, the secretory granules arc
obviously far too large to pass out of the cell in
their observed state. A somewhat similar diffi-
culty is met with in the apocrine gland, where
the granules are of quite different appearance,
and it is reasonable to suppose that the secretory
granules of both glands are essentially reserve
depots to be broken down and excreted in a
soluble form of the sweat. Such a supposition
does not, however, accord with the work of
Shelley and Mescon (9), who showed that even
after an hour's active secretion, perhaps even
after 8 hours, the lipid picture of the gland
undergoes no essential change. By contrast, and
confirming the work of Yuyuma (10), they
noticed a depletion of the glycogen in the secre-
tory part of the gland after active secretion.
Nevertheless it is not easy to accept that in cells
so obviously equipped to be active there should
be found inactive depots of material. One can
only try to invalidate the comparison by saying
that the glycogen is there to provide energy for
all the secretory reactions, including, presumably,
the maintenance of a reserve of secretory granules
from which, in part, the sweat is manufactured.
Thus the relation between secretion and deple-
tion of the granules may not be straight forward.
Although the secretory granules appear very
intimately associated with one or more of the
mitochondria, they bear no clear relationship
to the Golgi apparatus. Nor was it possible to
obtain evidence for the suggestion of the Japanese
school that mitochondria arc directly transformed
into secretory granules. Indeed, the size of the
lipid granule would seem to preclude such a
possibility, but it does not do so in the case of
the satellite.
The nature of the intracellular canals which
have been described is uncertain. They form no
well-defined system, so they may be vestiges of
an endoplasmic reticulum, aberrations of the
Golgi system, or perhaps only spaces occupied
by some electron-transparent material.
The myoepithelium is not nearly as well-
developed in these glands as in the apocrine.
It is noticeable too that the myofibrillae in the
myoepithelial cell seem rather sparser than those
of the apocrinc gland or of the arrector pili
muscle (unpublished observation).
sUMMARy
Skin from the human scalp, removed under
general anesthesia, is used as material in an
electron microscope study of the eccrine sweat
gland. The secretory part of the gland, and the
duct as it ascends to the upper epidermis, are
illustrated. In the secretory region lipid granules
with a cap, or satellite, of a different substance,
possibly pigmentary, are found. 'Dark' and
'clear' cells have been observed, essentially dif-
fering only in the greater amount of electron-
dense cytoplasmic granules present in the former,
which also appear not to contain secretory
granules: the 'dark' cell may therefore be a
pre-secrctory phase of the cell. Numerous mito-
chondria arc present, generally in close relation-
ship to the secretory granules. The cell
wall-membranes arc papillate, and if the papillae
interdigitate in an orderly manner the wall-
membranes appear as convoluted double-mem-
branes. If the papillae become disordered
intercellular canals are formed. The myoepithelial
cells arc illustrated. As the duct ascends to the
epidermis the large lumen first becomes sur-
rounded by a dark, papillatc cuticle, and then
becomes completely occluded, the only channel
left for the passage of sweat being between
closely adprcssed papillac. Within the epidermis
the cuticle appears to kcratinizc and an un-
specialized pore is formed.
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